Biochar is considered as a good metal sequester and ameliorates the metal toxicity and uptake in plants. However, its effectiveness over other organic amendments is not well discussed. The aim of this study is to compare the biochar amendments alleviating the levels of Pb and Cd in Withania somnifera L. Dunal with other organic manure. Farmyard manure, vermicompost, and biochar were applied in the field spiked with highly available Pb and Cd. Metal bioavailability and accumulation, plant growth and plant physiology, antioxidant enzymes and metabolite content of W. somnifera along with soil properties were evaluated in all treatments. Study indicates that the application of organic manures significantly alleviated the metal levels (33-72%) in the plant in comparison with control. The herbage yield was significantly higher (33-69%) under different organic manures as compared to the metal treatments. Secondary metabolite contents and antioxidant enzymes were higher in metal treatments in comparison with control. Organic manures were not only able to restrain the Pb and Cd in soil but also enhanced the soil microbial activities. Results indicate that biochar amendments were more promising than farmyard manure and vermicompost due to the presence of more stable carbon in biochar and more alleviation in metal uptake. In addition, net profit in the cultivation of W. somnifera was higher for biochar amendments (50% higher) compared to control. The study recommended that biochar could be a better option for commercial and safer production of W. somnifera.
Introduction
The increase in anthropogenic activities and urbanization poses the risk of heavy metal pollution in every sphere of the earth. Due to their persistent nature, it is difficult to eliminate these metals from the environment. The incorporation of these metals in the pedosphere has a detrimental effect on soil health and crop productivity (Blanco et al. 2017) . Heavy metal enrichment in the edible plant poses a threat to human health and the environment. The situation becomes more serious if metal contamination occurs in medicinally important herbs. In recent years, there is a growing interest in herbal medicines due to harmful side effects and high prices of synthetic drugs. This leads to the rapid growth of the global herbal market. The global pharmaceutical market was the US $900 billion by the year 2009 and is expected to exceed the ~ US $5 trillion by the year 2050 (Aneesh et al. 2009 ). Besides this, heavy metal contamination in the various herbs and herbal products due to the use of contaminated land, contaminated irrigation water and ignorance of farmers restrict its safer use and export-import between the country. India is one of the lead producers of medicinally important herbs which are used worldwide (Roy et al. 2018) . Indian Ginseng i.e. Withania somnifera L. Dunal is known for the bouquet of claim in not only Indian medicinal system but also in Unani and Chinese tradition system (Ganguly et al. 2017) . It has therapeutically application in fever, antistress, antitumor, neurostimulator and Alzheimer (Johny et al. 2018; Kalra and Kaushik 2017) . The power of Withania somnifera root has key metabolites (Kaur et al. 2017) hence, the root portion is used in the traditional medicinal system (Sivanandhan et al. 2016) . Nowadays, it is used as a functional food and health supplement. These plants are industrially cultivated and collected widely. The presence of toxic metals in the Withania somnifera has been reported in several studies (Garg 2014; Lokhande et al. 2014; Siddiqui et al. 2015) . As contamination of heavy metals is of prime concern for herbal medicine (WHO), preventive measures should be taken for the reduction of metals in the Withania somnifera L. Dunal at the farmer's level. Four heavy metals namely arsenic, cadmium, lead and mercury were considered to be the most hazardous for carcinogenic activity and also acutely damage organs (Tchounwou et al. 2012 ). In the present study, Pb and Cd were selected for the investigation due to the Pb and Cd contamination in water and soil in the areas where the Withania somnifera L. Dunal cultivated (Begum et al. 2009; Pandey et al. 2010) . Also, Withania somnifera dominated the weed species in and around the Yamuna river having high pollution load of Pb and Cd (Kamala-Kannan et al. 2008; Paul 2017) . In addition, in some Withania somnifera cultivation areas, Pb and Cd exceeded the threshold level in perspective of residential limit in soil. In these areas, dried leaves of W. somnifera had higher Cd level (about 5.93 mg kg −1 ) than Cr (3.63 mg kg −1 ) and As (2.09 mg kg −1 ) content (Maharia et al. 2010) .
The application of organic manure to contaminated soil could reduce the metal mobilization risk. The application of organic residue and waste biomass has been practiced for several decades for soil health benefit, contaminant adsorption, and plant productivity (Beesley et al. 2010; Fang et al. 2010 Fang et al. , 2012 Park et al. 2011) . The organic amendments are also used for the metal immobilization purpose due to the formation of the stable complex with humic substances. However, the raw material used for the organic manure should be free from metal contamination. Farmyard manure (FYM), vermicompost (VM) and biochar (BC) are the different types of organic amendments used for soil fertility improvement and metal immobilization. FYM can improve plant productivity due to more nutrient availability, particularly nitrogen (Nawab et al. 2018) . Vermicompost produced from the digestive system of earthworm could also act as a soil fertility enhancer. The functional groups of the humic acid content of these organic manures have the potential to bind the heavy metals and reduce their bioavailability. Biochar, a carbon-rich-product of biomass is recently considered as a soil fertility enhancer. Biochar has also been demonstrated the potential for the heavy metals (HMs) immobilization in the wide range of soils Inyang et al. 2016; Rajapaksha et al. 2016 ) with strong heavy metals adsorption affinity (Inyang et al. 2016; Khare et al. 2017; Yuan et al. 2011) . Precipitation, complexation, and adsorption are the major processes considered for immobilization of heavy metals (Ahmad et al. 2014; Cao et al. 2011; Rizwan et al. 2016) . Besides this, biochar also improved soil cation exchange capacity , nutrient retention (DeLuca et al. 2015) and water holding capacity .
Our hypothesis is that three organic manures produced from the different process may have a different carbon pool and metal binding capacity. So, these fertilizers behave in a different manner for the binding of metals. In view of the above hypothesis, the major goals of the present study are (1) To assess the metal alleviation efficiency of each organic manure in Withania somnifera, (2) To investigate the impact of these manures on plant productivity, antioxidant enzymes, and metabolite content and (3) To select the best manure in terms of productivity and cost. To the best of authors' knowledge, this is the first type of report where field trial was performed to compare the effectiveness of biochar on Pb and Cd uptake in commercially important crop (Withania somnifera) with other organic manure and economics for cultivation under different manure applications.
Materials and methods

Experimental design
A field experiment was performed in the agricultural farm of Central Institute of Medicinal and Aromatic Plants, Lucknow, India, having sandy loamy soil. A field plot of 3 m 2 per treatment was taken with different organic treatments and control. Three organic manures at two metal doses, two metal controls (at two metal levels) and one blank were taken for the study in triplicate. The application rate of organic manure was taken as 1tonne/hectare. The experiment was laid out in a random block design. After spiking with the metals, the coding of treatments was SC: control; SM1: Soil + 32 ppm Pb + 1.5 ppm Cd, SM2: Soil + 320 ppm Pb + 15 ppm Cd (10 times); TBM1: Soil + 2% BC + 32 ppm Pb + 1.5 ppm Cd; TBM2: Soil + 2% BC + 320 ppm Pb + 15 ppm Cd; TVM1: Soil + 2% VM + 32 ppm Pb + 1.5 ppm Cd; TVM2: Soil + 2% VM + 320 ppm Pb + 15 ppm Cd; TFM1: Soil + 2% FYM + 32 ppm Pb + 1.5 ppm Cd; and TFM2: Soil + 2% FYM + 320 ppm Pb + 15 ppm Cd. Here, Pb (Lead nitrate) and Cd (Cadmium acetate) were taken on w/w basis in the soil. Here, M 1 signifies lower Pb (32 mg kg −1 ) and Cd (1.5 mg kg −1 ) metals concentration in soil respectively, which is equal to permission limits for Pb and Cd (Ameloot et al. 2013; Jo and Koh 2004) , respectively. However, M 2 designates higher level of Pb (320 mg kg −1 ) and Cd (15 mg kg −1 ). These values cover a whole range of heavy metals in throughout world soils (Kabata-Pendias 1992) .
After a pre-incubation period of the field with a treatment (14 days) under natural conditions and maintain the 64% water holding capacity of the soil, the nursery of Withania somnifera was planted. After 90 days (growing period), harvesting of Withania somnifera was done. Plants were washed with metal-free de-ionized water. The fresh weight (FW) biomass was taken immediately and the plants (root, shoot, and leaves) were dried in a hot air oven for 48 h at 65 °C for the dry weight (DW) biomass analysis (Nigam et al. 2019a ).
The BC used for this experiment was prepared from the distillation waste of Mentha arvensis (menthol mint). The detail method is reported elsewhere (Nigam et al. 2019a ). FYM and VM were obtained from the agricultural farm of Central Institute of Medicinal and Aromatic Plants, Lucknow, India. The chemical fertilization, irrigation, and weed control were done as required in Withania somnifera for each treatment.
Chemical characterization of soil, FYM, VM, and BC
Physico-chemical properties of soils with different treatments were determined through proximate, ultimate, and functional group analysis. Proximate analysis was done by ASTM method D3172. Total carbon, nitrogen, and hydrogen in BC were determined using a CHN Elemental analyzer (Euro EA3000 by Euro vector, Italy). Total Pb and Cd in BC, soil, root and above-ground plant tissue were determined using acid digestion followed by inductively coupled plasma analysis (Optical emission spectrometer-Optima 5300 V, Perkin Elmer, USA). Estimation of available K and Na was done by an ammonium acetate method (Van Reeuwijk 1993) and determined by µ Controller-Based Flame Photometer (Systronics, Model-128, India). Estimation of available phosphorus was done by the Olsen method (Watanabe and Olsen 1965). Estimation of total phosphorus was done by digesting the samples in the di-acid (concentrated HNO 3 : concentrated HClO 4 = 3:1) at 180 °C followed by the method reported by Jackson (2000) . Mineral nitrogen was done by the KCl extraction method. pH and EC (Electrical conductivity) of the samples were determined in a water suspension prepared in 1:10 ratio. Organic carbon (%) was done by the method of Walkley and Black (1934) method. Cation exchange capacity was determined by ammonium acetate extraction at pH 7 (Chapman 1965) . Water holding capacity (WHC) was determined based on pre-saturation of the BC with de-ionized water for 24 h followed by removing gravitational water from the BC samples in a glass column at 0.1 bar vacuum (Jeong et al. 2016) . The phosphatase (acidic and alkaline) enzyme analysis was done by the method of Egamberdieva et al. (2010) . The urease activity was done by the method of Tabatabai and Bremner (1972) and β-glucosidase activity was done by the method of Kim et al. (2012) . The microbial biomass was analyzed by the method of Vance et al. (1987) .
Plant growth parameters
After 6 weeks of planting, photosynthetic rate (CER), stomatal conductance (SC) and transpiration rate (TR) were determined by a Portable Photosynthesis Equipment (CID Incorporated 310, USA). Leaf area (LA) was determined by leaf area meter (CI 202, Area meter, CID Incorporated, USA). Total chlorophyll concentration (TCH) in fresh leaf tissue was determined according to the method of Arnon and Whatley (1949) .
Assay of antioxidant enzymes
The fresh leaf tissues of Withania somnifera were homogenized in a pre-chilled pestle and mortar under ice-cold conditions with 2.0 ml of extraction buffer solution [50 mM phosphate buffer(pH 7.5), 0.5 mM ascorbate and 1 mM EDTA]. The homogenate was then centrifuged for 15 min at 10,000 rpm. Then the stress-induced antioxidant enzymes such as guaiacol peroxidase (Putter and Becker 1974) , catalase (Luck 1974 ) and superoxide dismutase (Kakkar et al. 1984) were determined in the supernatant spectrophotometrically. Protein was determined in crude enzyme extraction according to the method of Lowry et al. (1951) .
DTPA methods for bio-available elements in the soil
Diethylenetriamine penta acetic acid (DTPA) extractable fraction of Pb and Cd was obtained by mechanical shaking of the dried soil sample (10 g) with 20 mL of 0.005 M DTPA, 0.01 M CaCl 2 , 0.1 M triethanolamine (TEA) buffered at pH 7.3 for 2 h (Lindsay and Norvell 1978) . The Pb and Cd contents were analyzed by inductively coupled plasma (Optical emission spectrometer-Optima 5300 V, Perkin Elmer, USA).
Bio-concentration and translocation factors
The bio-concentration factor (BCF) and translocation factor (TF) are used to assess the availability of Cd and Pb to transfer from soil to plants and from roots to aboveground plant tissues, respectively (Xiao et al. 2015) .
Statistics
Analysis of variance (ANOVA) and correlation were performed using SPSS software (version 21).
Cost economics
A cost-benefit analysis was calculated on the basis of dry root yield (as roots of Withania somnifera are used for sale commercially). The input parameters as the cost of biochar (Rs. 180/kg), vermicompost (Rs. 15/kg) and farmyard manure (Rs. 2.5/kg) were considered for calculation. Also, the output parameter as the cost of the Withania somnifera root powder (Rs. 150/kg) was taken for consideration. Cost of cultivation as labor for seedling and harvesting, plowing, irrigation and weed control (Rs. 30,000) was taken for consideration. After the amendments of all the organic treatments, the benefit was calculated based on the increase in the yield of dry root weight biomass.
Results
Physicochemical properties of the treatments
The properties of FYM, VM, and BC are depicted in Table 1 . BC has the highest pH value followed by the VM and FYM. pH is the most important difference between biochar and other organic amendments (Lehmann et al. 2011) . In all these organic manures, the total carbon content of these manures ranged from 24 to 68%. The BC has the highest WHC and CEC. Available phosphorus and nitrogen were higher in FYM while in contrast total phosphorus and nitrogen were found to be higher in BC. All three organic manures were free from the Pb and Cd (Table 1) . The physicochemical and biological parameters of soils taken from rhizospheric zone after 7 days of planting and after harvesting periods are given in Table 2 . All manures (FYM, vermicompost, and biochar) treated soils had higher pH, electrical conductivity (EC), organic carbon (OC) and available nutrients as compared to control and metal treated soils. Addition of BC to metal treated soil has enhanced the pH and EC of the soil and an increase in CEC and organic carbon. BC amendment has improved considerably the available nutrients as compared to other organic amendments. Post-harvest changes (after 90 days) in the soil of Withania somnifera are shown in Table 2 . pH and electrical conductivity (EC) were decreased after 90 days. BC mixed with metal contaminated soil showed a prominent increase in pH, EC and CEC as compared to control and other metal treated soil. OC was found to be maximum in BC followed by VM and FYM.
In the present study, the application of biochar on β-glucosidase (BGA), alkaline (ALP) and acid phosphatase (ACP) and urease (UR) activities and microbial biomass carbon (MBC) were assayed and shown in Table 2 as an effect of metal stress as well as organic manures application. All the enzymatic activities, including β-glucosidase (BG), alkaline (ALP) and acid phosphatase (ACP) and urease (UR) activities and microbial biomass carbon (MBC) were increased with all the organic amendments (biochar, vermicompost and farmyard manure). But the maximum increase was found with biochar amendments (Table 2 ). In post-harvest samples, more enzymatic activities were observed. Figure 1 shows the percentage of DTPA bioavailability of Pb and Cd with total metal content for all treatments in the initial (after 7 days) and final sampling (after harvest) of soil in Withania somnifera. It is evident from Fig. 1 that organic amendments reduced significantly the bioavailability of Pb and Cd in the soil. The reduction in the bioavailability of Cd and Pb was higher in biochar treatments Pb (up to 60%) and Cd (up to 62%) as compared to VM and FYM. In all the treatments, soil collected after harvesting time has more bioavailable Cd and Pb as compared with initial soil samples. The immobilization of Pb and Cd can be related to the increase in organic carbon by organic manure. The organic compounds present in the manure surface exhibit negative charges at higher pH and counteract by opposite charges. The mobilization or immobilization of Pb and Cd ions in this mechanism is influenced by the properties of carbon pool i.e. mobile/soluble or stable/insoluble. The higher immobilization of Pb and Cd in biochar treatments is attributed to relatively stable and insoluble carbon of the biochar (Ahmad et al. 2014; Zeng et al. 2015) . Bio-concentration factor (BCF) and Translocation factor (TF) in the different treatments of Pb and Cd contaminated soils in Withania somnifera are given in Fig. 2 . The BCFs of SM1 and SM2 were larger than those of their corresponding biochar, vermicompost and farmyard manure treated soils. A significant reduction in BCF of Cd was observed after organic amendments except in TFM2. Biochar amendments significantly reduced the Pb and Cd translocation to aboveground plant as compared to other organic amendments. It might be due to the stable formation of the stable metal complexes, which restrict the movement of these metals from root to the above-ground part of the plant (Uchimiya et al. 2012) . It indicates that biochar derived from distilled waste has more potential for the alleviation of metals mobility.
Bioavailability of Pb and Cd and their translocation in plant
Herbage and root yields plant growth parameters
Herbage and root yields of Withania somnifera were significantly altered in metal and a combination of metals and organic manure treatments (Fig. 3) . The results indicated that metal treatments produced lower herbage (63% in SM2) as compared to control. The FYM, VM and BC treatments improved the herbage yield by 27%, 48% and 69% at the higher metal dose, respectively. Root yield of SM2 was decreased by 33% as compared to control. The highest root yield of Withania somnifera (on an average of 1111 kg ha −1 , 31%) was achieved for the biochar treatment (TBM1). In the other treatments, a significant increase in root yield was also observed compared with the control. It indicates that organic manure significantly improved the herbage as well as root yield of Withania somnifera grown in the metalcontaminated area. Table 3 showed the response of metal contamination and use of all organic manures in soil on the plant growth parameters i.e. CO 2 exchange rate (CER), transpiration rate (TR), stomatal conductance (ST), total chlorophyll (TCH), and protein. A significant reduction (P < 0.05) of CER, TR, ST, total chlorophyll content and protein was observed in SM2 treatments as compared to control. However, biochar amendments promoted the maximum biomass production, CER, TR, ST and TCH more than other organic amendments as compared to their respective metal treatments. 
Secondary metabolite contents and antioxidant enzymatic
The concentration of withanolide A and withaferin A, major metabolites of Withania somnifera is given in Table 4 . Withaferin A content varied from 0.05 to 0.29% in the leaves and 0.016-0.04% in the root. While withanolides A content ranged from 0.02 to 0.06% in leaves and 0.27-0.83% in roots. The content of both withanolides A and withaferin A was the highest in the metal treatments. The organic amendments alleviated the metabolite content of Withania somnifera significantly as compared to metal treatments. However, in this experiment, TBM2, and TVM1 provided a higher withaferin A content in leaves as compared to control (by ca.
54% and 30%, respectively). But, withanolide A content of leaves in organic amendments was comparable with control. The alteration of these metabolites in the root was different. Withanolide A content of root in organic amendments was higher than that in control (up to 52%) while withaferin A content of root in organic amendments was lower than that in control (up to 27%).
Correlation analysis
Pearson correlation between metabolite content and oxidative enzymes of Withania somnifera was performed to evaluate the interrelationship between them (Table 5a ). The 11.6 ± 0.8b 8.5 ± 0.5ab 183 ± 3.2b 1.9 ± 0.02b 2.0 ± 0.02b 4.7 ± 0.2c 2.1 ± 0.05e 1.4 ± 0.02c SM1 2777 ± 85d 9.6 ± 0.6d 7.3 ± 0.6b 146 ± 2.3c 1.9 ± 0.02b 1.6 ± 0.01c 5.2 ± 0.4ab 8.1 ± 0.21ab 2.5 ± 0.05a SM2 1711 ± 73f 8.5 ± 0.6e 6.6 ± 0.4c 104 ± 1.8e 1.5 ± 0.01c 1.6 ± 0.01c 6.4 ± 0.5a 9.1 ± 0.32a 2.9 ± 0.06a TBM1 5411 ± 181a 14.5 ± 1.4a 8.7 ± 0.8a 248 ± 4.5a 2.4 ± 0.05a 2.7 ± 0.03a 4.4 ± 0.2c 2.9 ± 0.06d 1.5 ± 0.03c TBM2 5522 ± 173a 12.8 ± 1.3ab 9.9 ± 1.1a 222 ± 4.2ab 2.1 ± 0.03a 2.8 ± 0.05a 5.1 ± 0.3b 2.7 ± 0.05d 1.2 ± 0.02c TVM1 4133 ± 129bc 10.3 ± 1.1c 7.2 ± 0.5b 134 ± 2.2c 1.8 ± 0.02b 2.3 ± 0.04b 4.6 ± 0.3c 2.1 ± 0.05e 1.9 ± 0.04b TVM2 3288 ± 234c 9.6 ± 0.7d 6.5 ± 0.3c 174 ± 3.1bc 1.7 ± 0.02b 2.1 ± 0.03b 5.0 ± 0.3b 3.3 ± 0.07c 1.2 ± 0.02c TFM1 2488 ± 89de 11.4 ± 0.8b 5.9 ± 0.2c 128 ± 1.3d 1.4 ± 0.01c 1.8 ± 0.02c 4.8 ± 0.3c 3.7 ± 0.08c 1.4 ± 0.02c TFM2 2333 ± 102e 10.5 ± 1.1c 7.1 ± 0.6b 111 ± 1.1d 1.5 ± 0.01c 1.7 ± 0.01c 3.8 ± 0.1d 3.2 ± 0.07c 1.4 ± 0.02c correlation between soil properties and yield of Withania somnifera and metal uptake was also evaluated (Table 5b) .
Cost-benefit analysis
Apart from the risks related to many adverse impacts of metal contamination in soil and hence the consequent reduction in the plant or herb yield, there may also be a high risk of cost investment. The cost economics of organic manure for the reduction of metal accumulation and improved productivity is also required for using it in the compost industry (Xiao et al. 2017) . Generally, the economic profitability can be measured through the herb yield, net profit, and cost-benefit ratio. The farmer's profit is directly proportional to the herb yield price and would be inversely proportional to the cost of production or cultivation. Hence, to maximize their 0.280 ± 0.002a 0.052 ± 0.004a 0.041 ± 0.004a 0.473 ± 0.05b SM2 0.290 ± 0.002a 0.062 ± 0.003a 0.025 ± 0.003b 0.833 ± 0.09a TBM1 0.080 ± 0.001d 0.033 ± 0.002b 0.016 ± 0.001c 0.331 ± 0.02c TBM2 0.160 ± 0.001b 0.021 ± 0.001b 0.018 ± 0.002c 0.541 ± 0.05b TVM1 0.130 ± 0.001b 0.023 ± 0.001b 0.018 ± 0.002c 0.371 ± 0.02c TVM2 0.090 ± 0.002d 0.022 ± 0.001b 0.016 ± 0.001c 0.481 ± 0.05b TFM1 0.050 ± 0.001d 0.033 ± 0.002b 0.019 ± 0.002c 0.372 ± 0.04c TFM2 0.050 ± 0.001d 0.021 ± 0.001b 0.016 ± 0.001c 0.564 ± 0.06b profitability, higher herb yield will provide the greatest opportunity for reducing production costs (Lim et al. 2015) .
For the cost-benefit analysis, root yield of Withania somnifera was considered as this part of the plant used in the traditional medicine market. Hence, the root yield of Withania somnifera was taken as input parameters for the cost-benefit analysis. As the cost of the root powder in the market is Rs. 150/kg. Hence based on the root yield, the cost of roots was calculated with the different organic amendments. Also, the cost of biochar (Rs. 180/kg), vermicompost (Rs. 15/kg) and farmyard manure (Rs. 2.5/kg) were considered for calculation. In this study Rs. 30,000 was deducted from the root costs of all the treatments due to the cost of cultivation, which considered labor charges, irrigation, and weeds management cost, and fuel consumption during the agricultural activities (CIMAP annual report, Ausgyanya). The cost-benefit analysis is demonstrated in Fig. 4 . The result suggests that the production of Withania somnifera after organic amendments were not only safe but also costeffective due to higher productivity. The maximum profit of Rs 52,926 ha −1 can be obtained by the biochar amendments followed by vermicompost and farmyard manure.
Discussion
Metal bioavailability and uptake
Our results indicated that biochar significantly ameliorates the phytotoxicity of Pb and Cd in Withania somnifera more efficiently than organic amendments. The surface precipitation, surface complexation, ion exchange, electrostatic attraction, and physical sorption could be the major mechanism for the reduction in metal mobility (Nigam et al. 2019b) . The physicochemical properties of soil such as pH, CEC, organic carbons, and available phosphorus played an important role in controlling these processes. The increase in pH of the soil is responsible for the adsorption and precipitation of toxic metals (Mehmood et al. 2017) . Biochar amended soils had the highest pH implying more suitable for metal affected soil than other organic amendments. The negative correlation of pH with a bio-concentration factor of Cd and Pb in (Table 5b ) immensely support the fact that increase in pH restrict the metal uptake in plants due to their co-precipitation in soil. Similar results were observed with bamboo biochar, rice, and wheat biochar, which have huge potential to reduce Cd and Pb accumulation in maize. It enhanced the soil pH and soil organic carbon which enables the formation of more stable metal fractions thereby reducing the metal mobility (Xu et al. 2016) . Biochar of sugarcane bagasse unfolded similar trend by the formation of stable fractions from labile metal fractions which in turn reduces the accumulation of heavy metals (Nie et al. 2018) . Biochar amendment decreased Cd bioavailability in the soil as well as in grains of wheat by enhancing growth and yield . The negative correlation of CEC with Cd and Pb uptake (Table 5b) indicates the reduction in Pb and Cd accumulation due to the increase in soil CEC values. The increase in CECs in soil encourage cation adsorption on their surfaces and reduce the availability of the metals. The biochar treatments had higher CEC values leading to more reduction of metal mobility. Organic amendments also contained organic minerals such as aluminum and phosphates compounds which helps in retaining the heavy metals (Yin et al. 2016) . The precipitation Cd with Si present in the cell wall of rice shoot and a simultaneous reduction in the uptake of Cd in grains is reported earlier (Liu et al. 2009 ). The precipitation of P-containing Pb complexes such as chloropyromorphite (Pb 5 (PO 4 ) 3 Cl) and hydroxyl pyromorphite (Pb 5 (PO 4 ) 3 OH) was reported in biochar treated soils. During pyrolysis, nonvolatile elements like Si, Al, and P are enriched in the biochar. This may lead to more formation of organic mineral complexes, co-precipitation of Cd and Si and phosphate complexes in biochar amendments as compared to other organic amendments. Furthermore, the high proportion of organic matter in amendments may reduce metal mobility and bioavailability in soils due to the formation of organo-metal complexes by metal and humic substances (Clemente et al. 2019; Kumpiene et al. 2008) . The mobilization or immobilization of Pb and Cd ions in this mechanism is depending upon the type of carbon pool i.e. mobile/soluble or stable/insoluble. The dissolved organic matter interacts with soil toxic metals forming soluble organic complexes, this can increase availability. The stable organic carbon participates in the immobilization of toxic metals. The recalcitrant structure of biochar leads to the formation of more stable complexes between heavy metal ions and biochar than other complexes formed with heavy metal and other organic matters in soil (Namgay et al. 2010 ). The hydroxyl, carboxyl and carbonyl groups in biochar could able to chelate metals. Most of the biochar has also been reported to have a higher surface area and pore networking, which are for more metal sorption (Inyang et al. 2016 ). In addition, it also provides protection to native organic carbon of the soil by forming Ca 2+ bridges which makes it inaccessible to microbial decomposition (Herath et al. 2015; Lützow et al. 2006 ).
Plant growth, metabolite content and oxidative stress
In the present investigation, the Withania somnifera that grew in the Pb and Cd spiked soil demonstrated the decreasing trend in protein and chlorophyll contents, stomatal conductance and photosynthetic rate while increasing the metal concentration (Table 3 ). The metal exposure in the plant causes the decline in the photosynthetic rate resulting in stomatal closure and reduced CO 2 availability and suppress the photosynthetic activities (Mehmood et al. 2018; Nigam et al. 2019a, b) .In addition, replacement of Mg and Fe ions (central ions of chlorophyll) by Cd and Pb may also cause a detrimental effect on the plant health Suksabye et al. 2016) . As a part of the defense mechanisms, enzymes such as SOD, CAT, and POD are released to counteract the free radicals. Hence, the increase in SOD, CAT and POD activities under metal stress were observed in this investigation. These antioxidant enzymatic defense responses in Withania somnifera were higher in SM1 and SM2 treatments as compared to control and manure amendments. Abiotic stresses lead to increased accumulation of secondary metabolites which are the main source of pharmaceuticals, flavors, and industrially important biochemical (Bilal et al. 2015) . The increased concentration of withanolides A and withaferin A in metal treatments may be possibly due to overcoming the metal stress (Kliebenstein 2004; Ramakrishna and Ravishankar 2011) . A good correlation among antioxidant enzymes (Table 5a ) and withanolide A and withaferin A supported that metal stress increases the metabolite content in the plant as compared to control. Similar results were observed when Cd treatment enhanced the synthesis of ajmalicine in Catharanthus roseus (Zheng and Wu 2004) . Cd also found to increase alkaloid content in roots of C. roseus (Srivastava and Srivastava 2010) . The increase in the protein and chlorophyll contents, stomatal conductance and photosynthetic rate with organic amendments is similar to the finding of the others (Gutierrez et al. 2017; Mohamed et al. 2018; Nigam et al. 2019c ). The reduced metal uptake in Withania somnifera by organic amendments may be the reason for the increase in plant growth parameters. Besides this, the increase in the herbage yield by organic manure may also be due to the improved soil properties such as soil organic matter and cation exchange capacity ( Table 2 ). The maximum crop yield observed by biochar amendments is also reported previously. Yadav et al. (2019) reported more yield on Pelargonium graveolens in biochar treatments as compared with FYM and VM. The good correlation between CEC and organic carbon with biomass yield suggest their importance for plant yield. The improved water retention capacity and organic matter of soil lead to an increase in the nutrient availability and microbial activities in soil, which in turn increase the biomass yield (Li et al. 2018) . The soil organic matter may also improve the formation of growth-regulating compounds and development of root system resultant in improved plant growth (Roussos et al. 2017) . Results indicate that application of organic manure decreased SOD, CAT, and POD levels in Withania somnifera plant. These results are consistent with the finding of others Rizwan et al. 2017 ). The immobilization of Pb and Cd followed by reducing their translocation in the plant may lead to the reduction in oxidative enzymes in plants.
The organic amendments showed lower metabolite content in the Withania somnifera as compared to metal treatment due to the release of metal stress. However, overall metabolite productivity was more in organic amendments due to higher biomass.
The higher biomass yield of Withania somnifera in biochar treatment may be due to the higher reduction in metal uptake and continuous supply of nutrients. A good correlation between the plant parameters (CER, TR, and SC) with soil pH, organic carbon, available phosphorus, and CEC suggests that the improved soil properties may also enhance the plant physiological activities. The higher biomass yield in biochar treatments was due to the improvement in soil properties and reduction in metal uptake as compared to other organic amendments. For example, total carbon content was maximum in BC (Table 1 ). The positive correlation of organic carbon with biomass and root yield (Table 5b) indicates that an increase in organic carbon may cause improvement in the root of Withania somnifera. Biochar amended soil contain maximum CEC which might help in providing the plants with a platform for the absorption of nutrients. It also improves soil microbial activities which are prominent with highest MBC content in BC (Table 2) (Sohi et al. 2009 ). In addition, reduction in more nutrients loss and improvement in the nutrient uptake efficiency in the plant may also be responsible for higher plant productivity in biochar treatments (Yadav et al. 2019) . The increase in productivity may be the reason for higher profitability in the cultivation of Withania somnifera in biochar treatments. The higher transpiration rate also was observed in biochar treatments (Table 3 ) due to its inherent property for water retention. Thus, more water-soluble nutrients may lead to enhance the plant growth (Peake et al. 2014 ).
Conclusions
The application of organic manures in Pb and Cd spiked soil reduced the metal mobility and improved the yield of the Withania somnifera. In the present study, biochar was found to be the most effective in decreasing bioavailable Pb and Cd in the soil as compared to the farmyard manure and vermicompost. Also, compared to the other organic manures, biochar application increased the yield of the root more. The root portion has marketable value hence maximum profit was observed in biochar treatment. Overall, this study indicated that the application of distilled waste-derived biochar was a cost-effective technology to reduce the Pb and Cd accumulation in Withania somnifera with the increase in yield. However, the other elements like As which is the representative to anionic metals (metalloids) in soils can also be studied.
